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WORM GEAR MECHANISM AND ELECTRIC POWER STEERING 
APPARATUS EQUIPPED WITH THE WORM GEAR MECHANISM 

FIELD OF THE INVENTION 

5 [000 1] The present invention relates to worm gear mechanisms and 

electric power steering apparatus equipped with such worm gear mechanisms. 

BACKGROUND OF THE INVENTION 
[0002] The worm gear mechanisms are transmission mechanisms which 
include a worm wheel meshing with a driving worm so that torque can be 

10 transmitted from the worm via the worm wheel to a load side (i.e., load-side 
component). In the field of such worm gear mechanisms, various techniques 
have been developed for reducing undesired backlash (see Japanese Patent 
Apphcation Laid-open Publication Nos. 2001-355700 and 2002-37100). The 
worm gear mechanism disclosed in Japanese Patent Application Laid-open 

15 PubHcation No. 2001-355700 is outhned in Figs. 19Ato 19C, and the worm gear 
mechanism disclosed in Japanese Patent Apphcation Laid-open Pubhcation No. 
2002-37100 is outhned in Figs, 20A and 20B. 

[0003] Fig. 19A shows the worm gear mechanism 200 connected to an 
electric motor 201, Fig. 19B is a sectional view of the worm gear mechanism 
20 200, and Fig. 19C shows how a worm 202 and worm wheel 204 mesh with each 
other in the worm gear mechanism 200. ' 

[0004] In the worm gear mechanism 200 of Fig. 19A, the driven worm 
wheel 204, connected to an output shaft 203, meshes with the driving worm 
202 connected via a worm shaft 205 to the electric motor 201. As seen from 
25 Figs. 19A to 19C, the worm wheel 204 includes a hub 206 fixedly mounted on 
the output shaft 203, and first and second gears 207 and 208 resihently secured 
on the outer periphery of the hub 206 via a ring-shaped resihent member 209. 
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[0005] Namely, in the worm wheel 204 meshing with the worm 202, the 
two (first and second) gears 207 and 208 are separated from each other, via the 
resilient member 209, along an axial direction of the output rotation shaft 203 
in phase-shifted relation to each other, and the resilient member 209 allows the 
5 two gears 207 and 208 to be slightly rotated relative to each other in a 
rotational direction of the worm wheel 204 and then resiliently rotated back to 
their original relative rotational positions after the rotation. In this worm 
gear mechanism 200, a tooth 202a of the worm 200 is held at its opposite 
surfaces by teeth 207a and 208a of the first and second gears 207 and 208, so 
10 as to minimize undesired backlash. 

[0006] Fig. 20A shows the worm gear mechanism 300 disclosed in the 
2002-37100 pubUcation which is connected to an electric motor 301, and Fig. 
20B is a sectional view of the worm gear mechanism 300. 

[0007] In the worm gear mechanism 300 of Fig. 20A, a driven worm wheel 
15 304, connected to an output shaft 303, meshes with a driving worm 302 
connected via a motor shaft 305 to the electric motor 301. As seen in Fig. 20B, 
each tooth 311 of the worm wheel 304 has a meshing region 312 (shaded 
portion in the figure) that meshes with a tooth 302a of the worm 302. The 
worm wheel 304 has an annular holding groove portion 313 that is formed in 
20 one side of the tooth width, i.e. face width, (extending in a left-and-right 
direction of Fig. 20B) of each tooth 311 and located outwardly of the meshing 
region 312 of each tooth 311, and a rubber O-ring 321 is fitted in and secured to 
the annular groove portion 313. The rubber O-ring 321 is shghtly deformed by 
contacting a top land (i.e., tooth top surface) 302b of the worm 302, and its 
25 resilient restoring force imparts a preload to meshing tooth regions to thereby 
reduce backlash. 

[0008] However, in the conventional worm gear mechanism 200 shown in 



Figs. 19A to 19C, where the worm wheel 204 comprises the two gears 207 and 
208 separated from each other along the axial direction of the rotation shaft, 
the area of contact, with the tooth 202a of the worm 202, of each tooth of the 
worm wheel 204 is less than one half the contact area in the traditional worm 
5 wheel having an integral (non-divided) gear. When the worm 202 is rotated in 
a forward direction, the torque is transmitted from the worm 202 to the teeth 
207a of the first gear 207, while, when the worm 202 is rotated in a reverse 
direction, the torque is transmitted to the teeth 208a of the second gear 208. 
Particularly, the area where the first and second gears 207 and 208 are 

10 separated from each other (i.e., the middle portion of the width of the worm 
wheel in the illustrated example of Fig. 19B) is just where contact pressure, 
against the worm 202, of the worm wheel 304 becomes greatest. Therefore, 
further consideration or improvement has to be made for enhanced durability, 
wear resistance in particular, of the worm gear mechanism 200. 

15 [0009] Further, in the conventional worm gear mechanism 300 of Figs. 20A 
and 20B, where the annular holding groove portion 313 is formed in one side of 
the face width of each tooth 311 and located outwardly of the meshing region 
312 of each tooth 311, bending rigidity in a tooth-thickness direction would 
differ between the opposite sides of each face width, which would make the 

20 contact pressure uneven between the opposite sides of the face width. Therefore, 
in this worm gear mechanism 300 too, further consideration or improvement 
has to be made for enhanced durability of the worm gear mechanism 300. 
[00 10] Besides, in the worm gear mechanism 300, considerable factional 
force is produced by the rubber O-ring 321 held in rubbing contact with the top 

25 land 302b of the rotating worm 302. In addition, the worm wheel 304 has a 
relatively great radius from its rotation center (or rotation axis) to the rubbing 
contact surface of the rubber O-ring 321. Therefore, there would be produced 



a great friction torque. It is preferable that such a great friction torque be 
minimized in order to enhance a torque transmitting efficiency of the worm 
gear mechanism 300. Further, because the rubber O-ring 321 rubs the top 
land 302b with a great frequency, further consideration or improvement has to 
5 be made for enhanced durability of the O-ring 32 1. 

[00 11] If the worm gear mechanism 200 of Figs. 19A to 19C or the worm 
gear mechanism 300 of Figs. 20A and 20B is employed in an electric power 
steering apparatus, it is also required to minimize impinging or hitting sound 
that would be produced between the teeth as the steering wheel is operated by 

10 a vehicle driver, so as to minimize noise sound in a vehicle compartment, 

[0012] Furthermore, because, as well known, the electric power steering 
apparatus is constructed to add steering assist torque of an electric motor to a 
steering system via the worm gear mechanism 200 or 300, it is highly 
preferable to eUminate the backlash in order to achieve an enhanced steering 

15 feel; this is due to the fact that, when the steering wheel is turned back by the 
driver after being turned in a given direction, presence of the backlash would 
undesirably delay the steering assist torque transmission from the worm gear 
mechanism 200 or 300 to the steering system. 

[0013] For the foregoing reasons, there has been a demand for a technique 
20 which can reduce hitting sound between the teeth of the worm and worm wheel, 
which can enhance durabihty of the worm gear mechanism and which can 
maintain appropriate meshing between the worm and the worm wheel. 

SUMMARY OF THE INVENTION 
[0014] According to an aspect of the present invention, there is provided 
25 an improved worm gear mechanism, which comprises- a driving worm; a 
torque-transmitting worm wheel meshing with the worm for transmitting 
torque from the worm to a load side; an auxiliary worm wheel meshing with 



the worm and having a pitch diameter greater than a pitch diameter of the 
torque-transmitting worm wheel; and a resOient member for resOiently urging 
the auxiliary worm wheel relative to the torque-transmitting worm wheel. At 
positions where the torque -transmitting worm wheel and the auxiliary worm 
5 wheel mesh with the worm, a tooth of the worm is held at opposite surfaces 
thereof between teeth of the torque-transmitting worm wheel and the auxiliary 
worm wheel. Also, the resilient member resiliently urges the auxiliary worm 
wheel in such a direction as to keep the tooth of the worm held between the 
teeth. 

10 [0015] Because the pitch diameter of the auxiliary worm wheel is set to be 
greater than that of the torque -transmitting worm wheel, the auxiligiry worm 
wheel can mesh with the worm with a different meshing phase from the 
torque-transmitting worm wheel. Thus, the torque-transmitting worm wheel 
can have a sufficient tooth width, i.e. face width, and hence a sufficient area of 

15 contact with the tooth of the worm, which can significantly enhance the 
durability of the worm gear mechanism with backlash eliminated therefrom. 
[0016] The eUmination of bacldash can also effectively reduce hitting 
sound between the teeth of the worm and the torque -transmitting worm wheel. 
[0017] Further, the face width of the torque-transmitting worm wheel can 

20 be set to be symmetrical about the meshing region where the worm wheel 
meshes with the worm, as the worm is viewed in its axial direction. In 
addition, the torque-transmitting worm wheel can be formed integrally, 
without a particular groove having to be formed therein for holding a backlash 
reducing component as employed in the conventionally-loiown technique. 

25 Therefore, the present invention can enhance a processing accuracy of the teeth 
of the torque -transmitting worm wheel, thereby maintaining appropriate 
meshing engagement of the torque-transmitting worm wheel with the driving 
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worm. 

[0018] Preferably, in the present invention, the auxiliary worm wheel is 
rotatable relative to the torque-transmitting worm wheel about the same 
rotation center or axis as the torque-transmitting worm wheel. 

5 [0019] Further, it is preferable that a pitch diameter of the worm defined 
when the auxiliary worm wheel is meshing with the worm be smaller than a 
pitch diameter of the worm defined when the torque-transmitting worm wheel 
is meshing with the worm. Because the driving worm has such pitch diameters 
corresponding to the auxiliary and torque-transmitting worm wheels whereas 

10 the tooth pitch of the worm is constant, the lead angle of the teeth can be 
increased, and the thus-increased lead angle can reduce fidctional loss between 
the worm and the auxiliary worm wheel. The thus-reduced fidctional loss 
allows the auxiliary worm wheel to be rotated smoothly with smaller force. As a 
result, the worm gear mechanism of the invention can operate with increased 

15 smoothness, so that the durability of the worm gear mechanism can be 
enhanced even further. 

[0020] According to another aspect of the present invention, there is 
provided an improved worm gear mechanism, which comprises ^ a driving 
worm; a torque -transmitting worm wheel meshing with the worm for 

20 transmitting torque from the worm to a load side; an auxiliary worm wheel 
meshing with the worm with no backlash and having a pitch diameter greater 
than a pitch diameter of the torque -transmitting worm wheel; and a resilient 
member for, when the auxiliary worm wheel has rotated relative to the torque - 
transmitting worm wheel, resiliently urging the auxiligury worm wheel in a 

25 direction back toward an original rotational position of the auxiliary worm 
wheel. 

[0021] Namely, according to this aspect of the present invention, the 
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auxiliary worm wheel is meshing with the worm with no backlash (i.e., gap), 
and, when the auxiliary worm wheel has rotated relative to the torque- 
transmitting worm wheel, the resilient member serves to resiliently urge the 
auxihary worm wheel back toward the original rotational position of the 
5 auxiliary worm wheel. Thus, with the teeth of the auxihary worm wheel 
meshing with the tooth of the worm with no backlash (gap), the auxiliary worm 
wheel can be normally resihently urged back toward the original neutral 
position relative to the torque-transmitting worm wheel. Therefore, the worm 
can first start rotating the auxiliary worm wheel against the resihent urging 

10 force of the resihent member and then start rotating the torque-transmitting 
worm wheel while rotating the auxihary worm wheel. As a consequence, the 
tooth of the worm can be brought into gentle contact with the teeth of the 
torque-transmitting worm wheel, which thereby achieves even further 
enhanced durabihty of the worm gear mechanism. 

15 [0022] According to still another aspect of the present invention, there is 
provided an improved electric power steering apparatus for use in a vehicle, 
which comprises : a worm gear mechanism; a steering system extending from a 
steering wheel to a steerable road wheel of the vehicle; and an electric motor 
for generating steering assist torque to assist steerage of the steerable road 

20 wheel in response to steering operation, by a vehicle driver, of the steering 
wheel or all necessary torque for steerage of the steerable road wheel, and 
supplying the steering assist torque or aU necessary torque to the steering 
system via the worm gear mechanism. In the electric power steering apparatus 
of the invention, the worm gear mechanism comprises- a driving worm; a 

25 torque-transmitting worm wheel meshing with the worm for transmitting 
torque from the worm to a load side; an auxihary worm wheel meshing with 
the worm and having a pitch diameter greater than a pitch diameter of the 



torque-transmitting worm wheel; and a resilient member for resiliently urging 
the auxiliary worm wheel relative to the torque-transmitting worm wheel. At 
positions where the torque-transmitting worm wheel and the auxiliary worm 
wheel mesh with the worm, a tooth of the worm is held at opposite surfaces 
5 thereof between teeth of the torque-transmitting worm wheel and the auxiliary 
worm wheel, and the resiUent member resiliently urges the auxiliary worm 
wheel in such a direction as to keep the tooth of the worm held between the 
teeth. 

[0023] In the electric power steering apparatus, where the worm gear 
10 mechanism arranged in the above-identified manner is employed as a 
transmission mechanism for transmitting the torque, generated by the motor, 
to the steering system, it is possible to enhance the durability of the backlash- 
eUminated worm gear mechanism. 

[0024] The worm gear mechanism in the electric power steering apparatus 
15 of the invention can ehminate undesired backlash on the basis of the principles 
explained above in relation to the first-identified aspect of the invention and 
can thereby minimize hitting sound produced between the worm and worm 
wheel teeth due to steering operation of the steering wheel, thus minimizing 
noise sound in the vehicle compartment. 
20 [0025] Further, the elimination of backlash in the worm gear mechanism 
can maintain appropriate meshing engagement of the torque-transmitting 
worm wheel with the worm. Thus, the inventive arrangements can prevent a 
time delay when the steering assist torque is transmitted via the worm gear 
mechanism to the steering system in response to turning-back operation, by 
25 the vehicle driver, of the steering wheel. Further, because the elimination of 
backlash permits gentle contact between the teeth of the worm and worm 
wheel when the torque-transmitting worm wheel is rotated via the worm, the 



steering wheel can be turned back smoothly and appropriately. 
[0026] In this way, the present invention can achieve an even further 
improved steering feel of the electric power steering apparatus. 
[0027] According to yet another aspect of the present invention, there is 
5 provided an electric power steering apparatus for use in a vehicle, which 
comprises- a worm gear mechanism; a steering system extending from a 
steering wheel to a steerable road wheel of the vehicle; and an electric motor 
for generating steering assist torque to assist steerage of the steerable road 
wheel in response to steering operation of the steering wheel or all necessary 

10 torque for steerage of the steerable road wheel, and supplying the steering 
assist torque or all necessary torque to the steering system via the worm gear 
mechanism, and in which the worm gear mechanism comprises- a driving 
worm; a torque-transmitting worm wheel meshing with the worm for 
transmitting torque from the worm to a load side; an auxiliary worm wheel 

15 meshing with the worm with no backlash and having a pitch diameter greater 
than a pitch diameter of the torque-transmitting worm wheel; and a resilient 
member for, when the auxiliary worm wheel has rotated relative to the 
torque-transmitting worm wheel, resiliently urging the auxiliary worm wheel 
in a direction back toward an original rotational position of the auxiliary worm 

20 wheel. 

[0028] With the auxiliary worm wheel meshing with the worm with no 
backlash as noted above, the worm tooth can gently contact the teeth of the 
torque-transmitting worm wheel, so that the steering wheel can be operated 
smoothly without hitting sound being produced between the teeth. 
25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Certain preferred embodiments of the present invention will 

hereinafter be described in detail, by way of example only, with reference to the 
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accompanying drawings, in which* 

[0030] Fig. 1 is a schematic view of an electric power steering apparatus 
equipped with a worm gear mechanism in accordance with a first embodiment 
of the present invention; 
5 [0031] Fig. 2 is a view showing details of a pinion shaft and rack shaft 
shown in Fig. i; 

[0032] Fig. 3 is an enlarged sectional view taken along the 3 — 3 line of Fig. 

2; 

[0033] Fig. 4 is a sectional view taken along the 4 — 4 line of Fig. 2 showing 
10 relationship among the pinion shaft, electric motor and worm gear mechanism; 
[0034] Fig. 5 is an exploded view of the first embodiment of the worm gear 
mechanism; 

[0035] Figs. 6A to 6C are views showing an example of a neutral position 
maintaining mechanism of Fig. 5, and Fig. 6D is a view showing a modified 
15 example of an arcuate elongated hole portion in the neutral position 
maintaining mechanism; 

[0036] Fig. 7 is a plan view of the first embodiment of the worm gear 
mechanism, which particularly shows in section a part of an auxihary worm 
wheel; 

20 [0037] Fig. 8 is a view showing relationship among respective teeth of a 
worm, torque- transmitting worm wheel and auxiliary worm wheel in the first 
embodiment of the worm gear mechanism; 

[0038] Fig. 9 is a view relationship among the teeth of the worm, torque- 
transmitting worm wheel and auxihary worm wheel in the first embodiment of 
25 the worm gear mechanism, and the neutral position maintaining mechanism; 
[0039] Fig. 10 is a partly-sectional plan view of a worm gear mechanism in 
accordance with a second embodiment of the present invention; 

-10- 



[0040] Figs. llA to lie are sectional views showing an example of a 
neutral position maintaining mechanism employed in the second embodiment 
of the present invention, and Fig. 1 ID is a view showing a modified example of 
an arcuate elongated hole portion in the neutral position maintaining 
5 mechanism; 

[0041] Fig. 12 is a view showing how a torque-transmitting worm wheel 
meshes with a worm in the second embodiment of the worm gear mechanism; 
[0042] Fig. 13 is a view showing how an auxiliary worm wheel meshes 
with the worm in the second embodiment of the worm gear mechanism; 
10 [0043] Figs. 14A to 14C are views showing relationship between teeth of 
the worm and auxihary worm wheel in the second embodiment of the worm 
gear mechanism- 

[0044] Figs. 15A and 15B are principle views showing relationship 

between the worm and auxiliary worm wheel in the second embodiment of the 
15 worm gear mechanism; 

[0045] Figs. 16A to 16D are views explanatory of behavior of the second 
embodiment of the worm gear mechanism; 

[0046] Fig. 17 is a sectional view corresponding to Fig. 3 and showing a 
left half portion of a worm gear mechanism in accordance with a third 
20 embodiment of the present invention; 

[0047] Fig. 18 is a sectional view corresponding to Fig. 3 and showing a 
left half portion of a worm gear mechanism in accordance with a fourth 
embodiment of the present invention; 

[0048] Figs. 19A to 19C are views outlining a first example of a 

25 convention ally known worm gear mechanism; and 

[0049] Figs. 20A and 20B are views outlining a second example of a 
conventionally-known worm gear mechanism. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0050] Now, description will be given about an electric power steering 
apparatus equipped with a worm gear mechanism of the present invention. 
[0051] Figs. 1 to 9 show the electric power steering apparatus and a first 
5 embodiment of the worm gear mechanism employed in the electric power 
steering apparatus. 

[0052] The electric power steering apparatus 10 shown in Fig. 1 generally 
comprises a steering system 20 extending firom a vehicle steering wheel 21 to 
steerable road wheels (in the illustrated example, left and right front road 
10 wheels) 29 of the vehicle, and a steering assist torque mechanism 40 for 
supplying steering assist torque to the steering system 20. 

[0053] In the steering system 20, a pinion shaft (input shaft) 24 is coupled 
to the steering wheel 21 via a steering shaft 22 and universal joints 23, and a 
rack shaft 26 is coupled to the pinion shaft 24 via a rack-and-pinion mechanism 

15 25. Further, the left and right steerable road wheels 29 are coupled to 
opposite ends of the rack shaft 26 via left and right tie rods 27 and knuckle 
arms 28. The rack-and-pinion mechanism 25 includes a pinion 31 formed on 
the pinion shaft 24 and a rack 32 formed on the rack shaft 26. 
[0054] By a human operator or driver of the vehicle operating the steering 

20 wheel 21, steering torque is delivered from the steering wheel 21 to the left and 
right steerable road wheels 29 via the rack-and-pinion mechanism 25, left and 
right tie rods 27 etc. and thereby steers the road wheels 29. 

[0055] The steering assist torque mechanism 40 includes a steering torque 
sensor 41 for detecting steering torque appHed by the driver to the steering 
25 system 20 through operation of the steering wheel 21, a control unit 42 for 
generating a control signal on the basis of the detected steering torque, an 
electric motor 43 for generating steering assist torque corresponding to the 
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driver- applied steering torque on the basis of the control signal, and the worm 
gear mechanism 44 for transmitting the motor- generated steering assist torque 
from the motor 43 to the pinion shaft 24. The steering assist torque 
transmitted to the pinion shaft 24 is further transmitted to the rack and pinion 
5 mechanism 25. 

[0056] The left and right steerable road wheels 29 are steered by a 

combination of (i.e., composite torque composed of) the driver apphed steering 
torque and motor- generated steering assist torque via the rack shaft 26. 
[0057] Fig. 2 shows details of the pinion shaft 24 and rack shaft 26. The 

10 rack shaft 26 is accommodated in a housing 51 extending in a width wise 
direction of the vehicle Oeft-and-right direction in Fig. 2), and the rack shaft 26 
is slidable axially within the housing 51. The tie rods 27 are coupled, via baU 
joints, to the opposite ends of the rack shaft 26 projecting outwardly from the 
housing 51. Reference numeral 53 represents a dust seal boot. 

15 [0058] Fig. 3 is an enlarged sectional view taken along the 3 — 3 line of Fig. 
2. The pinion shaft 24, rack and pinion mechanism 25, steering torque sensor 
41 and worm gear mechanism 44 are together accommodated in the housing 51. 
The housing 51 has an upper opening normally closed with an upper cover 54. 
The steering torque sensor 41 is attached to the upper cover 54. 

20 [0059] The worm gear mechanism 44 includes a torque-transmitting worm 
wheel 48 meshing with a driving worm 47 so as to transmit torque from the 
worm 47 to a load side. The worm gear mechanism 44 also includes an 
auxihary worm wheel 49 rotatable relative to the torque-transmitting worm 
wheel 48 about the same rotation center or axis CL as the worm wheel 48. 

25 The pinion shaft 24 is also rotatable about the rotation axis CL. The auxiliary 
worm wheel 49 also meshes with the worm 47. The auxiliary worm wheel 49 
is provided with a view to eliminating undesired backlash between the worm 
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47 and the torque- transmitting worm wheel 48. 

[0060] The vertically- extending pinion shaft 24 is rotatably supported, at 
its upper end portion, longitudinally-middle portion and lower end portion, by 
the housing 51 by means of three bearings 55, 56 and 57. The electric motor 
5 43 and rack guide 70 are secured to the housing 51. Reference numeral 58 
represents a lock nut, and 59 an oil seal. 

[0061] The steering torque sensor 41 is mounted on the pinion shaft 24, 
and it is in the form of a magnetostrictive torque sensor, which comprises first 
and second residual magnetostriction sections 61 and 62 that vary in 

10 magnetostrictive characteristic in response to torque produced through 
operation of the pinion shaft 24, and a detection section 63 that is disposed 
around the first and second residual magnetostriction sections 61 and 62 for 
electrically detecting a magnetostrictive effect produced in the residual 
magnetostriction sections 61 and 62. The magnetostrictive effect detected by 

15 the detection section 63 is output as a torque signal. 

[0062] The first and second residual magnetostriction sections 61 and 62 
are in the form of magnetostrictive films imparted with residual 
magnetostrictions in opposite directions along the axis of the pinion shaft 24, 
[0063] The detection section 63 includes cylindrical coil bobbins 64 and 65 

20 through which the pinion shaft 24 is passed, first and second multi-layer 
solenoid coils 66 and 67 wound on the corresponding coil bobbins 64 and 65, 
and a magnetic-shielding yoke surrounding the first and second multi-layer 
solenoid coils 66 and 67. 

[0064] The rack guide 70 is a pressing means which includes a guide 
25 section 71 for guiding and supporting the rack shaft 26 along one side of the 
shaft 26 opposite from the rack 32, and an adjusting bolt 73 for pressing the 
guide section 71 by means of a compression spring 72. 
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[0065] Between the guide section 71 and the adjusting bolt 73, a shght gap 
is formed in a direction of adjustment of the adjusting bolt 73. The guide 
section 71 includes a support member 74 along which the back surface of the 
rack shaft 26 is caused to slide. Reference numeral 75 represents a lock nut. 
5 Namely, the rack guide 70 supports the rack shaft 26 for axial sliding 
movement therealong. Further, the rack 32 is pressed against the pinion 31 
with a preload imparted to the rack 32 by the guide section 71 being pressed 
with appropriate force via the compression spring 72. 

[0066] Fig. 4 is a partly-sectional view showing relationship among the 

10 pinion shaft 24, motor 43 and worm gear mechanism 44. The motor 43 is 
attached to the housing 51 with its rotation shaft 43a oriented horizontally and 
extending into the housing 51. The worm gear mechanism 44 is an assist 
torque transmission mechanism, or torque assistor mechanism, for transmit- 
ting steering assist torque, generated by the motor 43, to the pinion shaft 24. 

15 [0067] More specifically, the worm gear mechanism 44 includes a worm 
shaft 46 coupled via a coupling 45 to the rotation shaft 43a of the motor 43, the 
worm 47 integrally formed on the worm shaft 46, and the torque-transmitting 
worm wheel 48 coupled to the pinion shaft 24. The horizontally-extending 
worm shaft 46 is rotatably supported at its opposite ends within the housing 51 

20 via bearings 81 and 82. 

[0068] Now, the first embodiment of the worm gear mechanism 44 will be 
detailed with reference to Fig. 3 and an exploded view of Fig. 5. 
[0069] The torque-transmitting worm wheel 48 is coupled to the pinion 
shaft 24 in such a manner that its movement along the longitudinal axis of the 

25 pinion shaft 24 is prevented. The auxiliary worm wheel 49 is rotatably 
mounted on the pinion shaft 24 to he over the torque-transmitting worm wheel 
48, and a retaining plate 91 is laid over the auxihary worm wheel 49. Stopper 
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ring 92 is engaged in a retaining groove 24a of the pinion shaft 24 above the 
retaining plate 91, so that the auxiliary worm wheel 49 and retaining plate 91 
are positioned between the torque-transmitting worm wheel 48 and the stopper 
ring 92 against movement along the axis of the pinion shaft 24. 
5 [0070] The torque-transmitting worm wheel 48 includes a disk-shaped 
wheel body 102 having a central fitting hole portion 101, and the wheel body 
102 is in the form of a gear having a plurality of teeth 113 integrally formed on 
its outer peripheral surface. The fitting hole portion 101 has a serrated groove 
meshing with the pinion shaft 24. 
10 [0071] The auxiHary worm wheel 49 includes a disk-shaped wheel body 
112 having a central fitting hole portion 111, and the wheel body 112 is in the 
form of a cap-shaped gear having a plurality of teeth 113 formed on its outer 
peripheral surface and projecting toward the torque -transmitting worm wheel 
48. 

15 [0072] The worm gear mechanism 44 also includes a plurality of (e.g., four) 
neutral position maintaining mechanisms 120 for holding the auxiliary worm 
wheel 49 at a neutral phase position Gieutral angular or rotational position) 
relative to the torque-transmitting worm wheel 48. 

[0073] The following paragraphs describe the neutral position maintaining 

20 mechanisms 120 with reference to Figs. 5 and 6 A to 6D. 

[0074] The neutral position maintaining mechanisms 120 are all of the 
same construction and disposed at uniform angxdar intervals about the rotation 
center (or rotation axis) CL of the auxiliary worm wheel 49. Each of the 
neutral position maintaining mechanisms 120 comprises an upright pin 121 of 

25 a circular cross section projecting from the upper surface of the torque- 
transmitting worm wheel 48, an arcuate elongated hole portion 122 formed 
through the thickness of the auxihary worm wheel 49 and extending along the 



- 16- 



circumference of the wheel 49 in such a manner that the pin 121 is fitted in the 
hole portion 122 for sliding movement along the longitudinal inner edges of the 
hole portion 122, and a compression spring (resihent member) 123 disposed 
between one end 122a of the hole portion 122 and the pin 121; in the iQustrated 
5 example, the one end 122a is shaped semi-circularly. The elongated hole 
portion 122 is concentric with the rotation center CL (Fig. 5) of the auxiliary 
worm wheel 49 and has a size to allow the compression spring 123 to be fitted 
therein. The compression spring 123 resiliently urges the auxiliary worm 
wheel 49 relative to the torque-transmitting worm wheel 48 in a rotational 

10 direction thereof. 

[0075] The retaining plate 91 is laid on the upper surface of the auxiUary 
worm wheel 49 to prevent the compression spring 123 of each of the neutral 
position maintaining mechanisms 120 from dropping out of the corresponding 
hole portion 122, and it has a plurahty of through-holes 91a to allow the 

15 respective distal end portions of the pins 121 to pass thereinto or pass 
th er e thr ou gh . 

[0076] Fig. 6D shows a modification of the arcuate elongated hole portion 
122 where the one end 122a is formed flat. 

[0077] Fig. 7 is a plan view of the first embodiment of the worm gear 
20 mechanism 44, which particularly shows in section a part of the auxiliary 
worm wheel 49. 

[0078] The auxiliary worm wheel 49 has a pitch diameter D2 greater than 
a pitch diameter Dl of the torque-transmitting worm wheel 48 (i.e., Dl < D2). 
The auxiliary worm wheel 49 meshes with the worm 47. 
25 [0079] The worm 47 is formed of metal, such as carbon steel for machine 
structural use (JIS-G-4051) or other kind of steel. The torque-transmitting 
worm wheel 48 and auxiliary worm wheel 49 are formed of resin, such as nylon 



resin. Because the resin-made torque-transmitting worm wheel 48 and 
auxihary worm wheel 49 mesh with the metal-made worm 47, relatively 
smooth meshing engagement is achieved, which can reduce meshing noise 
sound. 

5 [0080] Each tooth 131 of the worm 47 has a substantial trapezoidal 

sectional shape as viewed in a direction perpendicular to the axis of the worm 

47. Each tooth 103 of the torque-transmitting worm wheel 48 has an involute 
sectional shape as viewed in a direction perpendicular to the axis of the wheel 

48. The teeth of the worm 47 are formed by a single thread having a pitch Pi. 
10 [0081] Fig. 8 shows the construction of the first embodiment of the worm 

gear mechanism 44. Part (a) of Fig. 8 illustrates a sectional construction of 
the worm gear mechanism 44 in corresponding relation to Fig. 3, and part (b) of 
Fig. 8 is a sectional view taken along the b - b Une of part (a). 
[0082] As illustrated in (a) and (b), the cap -shaped auxiHary worm wheel 

15 49 is laid on the torque-transmitting worm wheel 48 in such a manner that the 
teeth 113 surround an outer peripheral end surface 104 of the worm wheel 48 
with a given clearance therebetween and thereby meshes with the worm 47. 
Thus, the teeth 113 of the auxiliary worm wheel 49 are prevented firom 
interfering with the worm wheel 48. 

20 [0083] Because, as noted above, the pitch diameter D2 of the auxiliary 
worm wheel 49 is greater than the pitch diameter Dl of the worm wheel 48, the 
ausdliary worm wheel 49 meshes with the worm 47 at a different meshing 
phase from the torque-transmitting worm wheel 48. As a consequence, the 
torque-transmitting worm wheel 48 can be set to have a sufficient face width 

25 that is, for example, generally equal to the outer diameter of the worm 47. 
Therefore, the teeth 103 of the torque-transmitting worm wheel 48 can have a 
sufficient area of contact with the teeth 131 of the worm 47, which enhances 
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the durability of the worm gear mechanism 44. 

[0084] Distance from the center of the worm 47 to the pitch circle of the 

auxihary worm wheel 49 is represented here by "r", and this distance r can be 

calculated by Equation (l) below. 
5 r = (Dl + dl-D2)/2 (l) 

, where dl represents a pitch diameter of the worm 47 defined when the 

torque -transmitting worm wheel 48 is meshing with the worm 47. 

[0085] The distance r may be set to any desired value; it may be even zero. 

Namely, the pitch diameter D2 of the auxiliary worm wheel 49 only has to be 
10 equal to or greater than "Dl + dl". Specifically, it is only necessary to set the 

pitch diameter D2 such that the teeth 113 of the auxiliary worm wheel 49 do 

not interfere with the torque -transmitting worm wheel 48 and the worm wheel 

49 can appropriately mesh with the worm 47. 

[0086] Further, the worm gear mechanism 44 is characterized in that the 
15 auxihary worm wheel 49 is shaped hke a cap such that its teeth 113 surrounds 
the outer peripheral edge surface 104 of the torque-transmitting worm wheel 
48. Thus, despite the addition of the auxiliary worm wheel 49 to the torque- 
transmitting worm wheel 48, the former will not interfere with the latter. 
Therefore, the torque-transmitting worm wheel 48 can be set to an event more 
20 sufficient face width. As a consequence, the teeth 103 of the torque- 
transmitting worm wheel 48 can have an even more sufficient area of contact 
with the tooth 131 of the worm 47, which can even further enhance the 
durabihty of the worm gear mechanism 44. 

[0087] The worm gear mechanism 44 is further characterized in that a 
25 pitch diameter d2 of the worm 47 defined when the auxihary worm wheel 49 is 
meshing with the worm 47 is smaller than the pitch diameter dl of the worm 
47 defined when the torque-transmitting worm wheel 48 is meshing with the 
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worm 47 (i.e., dl > d2). Because the pitch diameter d2 is smaller than the 
pitch diameter dl whereas the tooth pitch Pi of the worm 47 is constant, a lead 
angle of the worm teeth 131 can be increased, and the thus-increased lead 
angle can reduce factional loss between the worm 47 and the auxihary worm 
5 wheel 49. The thus-reduced factional loss allows the auxiliary worm wheel 49 
to be rotated with smaller force. As a result, the worm gear mechanism 44 
can operate with increased smoothness, and the durability of the worm gear 
mechanism 44 can be enhanced even further. 

[0088] Part (c) of Fig, 8 is a sectional view taken along the c — c line of part 
10 (a) of Fig. 8, which particularly shows how the torque-transmitting worm wheel 
48 meshes with the worm 47. Namely, the worm wheel 48 meshes with the 
worm 47 with a right surface 103b of the tooth 103 contacting a left surface 
131a of the tooth 131 of the worm 47. 

[0089] Part (d) of Fig. 8 is a sectional view taken along the d — d line of 
15 part (a) of Fig. 8, which particularly shows how the auxihary worm wheel 49 
meshes with the worm 47. Namely, the auxiliary worm wheel 49 meshes with 
the worm 47 with a left surface 113a of the tooth 113 contacting a right surface 
131b of the tooth 131 of the worm 47. 

[0090] Fig. 9 is a schematic view of the first embodiment of the worm gear 
20 mechanism 44, which particularly shows the arrangements of part (c) and part 
(d) of Fig. 8 in combination. 

[0091] At positions where the torque-transmitting worm wheel 48 and 
auxihary worm wheel 49 mesh with the worm 47, the tooth 131 of the worm 47 
is held at its opposite Qeft and right) surfaces 131a and 131b between the tooth 
25 103 of the torque- transmitting worm wheel 48 and the tooth 113 of the 
auxihary worm wheel 49, and the auxihary worm wheel 49 is normally 
resiUently urged, via the compression spring 123 of each of the neutral position 
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maintaining mechanisms 120, in such a direction as to keep the opposite fleft 
and right) surfaces 131a and 131b of the worm tooth 131 between the teeth 103 
and 113 (i.e., in a direction of arrow Rl). 

[0092] In other words, each of the neutral position maintaining 

5 mechanisms 120 serves to resihently urge the auxiliary worm wheel 49 relative 
to the torque-transmitting worm wheel 48 in the direction of arrow Rl, by 
means of the compression spring 123 fitted between the pin 121 projecting from 
the worm wheel 48 and the one end 122a of the elongated hole portion 122 of 
the worm wheel 49. With the urging force of the compression spring 123, the 

10 worm 47 can be resiliently kept in its neutral position with the tooth 131 held 
at its left and right surfaces 131a and 131b by the tooth 103 of the 
torque-transmitting worm wheel 48 that is located to the left of the tooth 131 
and the tooth 113 of the auxiliary worm wheel 49 that is located to the right of 
the tooth 131. Thus, with the urging force, it is possible to eliminate backlash 

15 between the worm 47 and the worm wheels 48 and 49. 

[0093] Next, a description will be given about behavior of the worm gear 
mechanism 44, with primary reference to Fig. 9. In Fig. 9, the tooth 131 of the 
worm 47 is shown as engaged in a tooth space (i.e., concave space between the 
left and right teeth 103 of the torque-transmitting worm wheel 48). In this 

20 state, a sHght backlash (i.e., gap) is left between the tooth 131 of the worm 47 
and the right tooth 103 of the torque-transmitting worm wheel 48. 
[0094] As the worm 47 turns in the forward direction in the state of Fig. 9, 
the tooth 131 of the worm 47 presses the right surface 103b of the left tooth 103 
of the torque- transmitting worm wheel 48 in the direction of arrow Rl (i.e., 

25 counterclockwise direction of Fig. 9) so that the worm wheel 48 is caused to 
rotate in the counterclockwise direction. During that time, no hitting sound is 
produced between the teeth 103 and 131. The auxUiary worm wheel 49 is 
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rotated together with the torque-transmitting worm wheel 48 via the neutral 
position maintaining mechanisms 120. 

[0095] On the other hand, as the worm 47 turns in the reverse direction in 
the state of Fig. 9, the tooth 131 of the worm 47 presses the left surface 113a of 
5 the tooth 113 of the auxiliary worm wheel 49 in a direction of arrow R2 G..e., 
clockwise direction of Fig. 9) so that the worm wheel 49 is caused to rotate in 
the clockwise direction against the urging force of thee compression springs 
123. 

[0096] When the auxiUary worm wheel 49 has turned in the direction of 
10 arrow R2 through a given angle corresponding to the backlash (gap) left 
between the teeth 103 and 131, the right surface 131 of the tooth 131 of the 
worm 47 comes into contact with the left surface 103a of the right tooth 103 of 
the torque-transmitting worm wheel 48. At that time, the tooth 131 of the 
worm 47 gently contacts the tooth 103 of the torque-transmitting worm wheel 
15 48 while pressing the tooth 113 of the auxUiary worm wheel 49 against the 
urging force of thee compression springs 123; thus, only small hitting sound is 
produced between the teeth 103 and 131. 

[0097] As the worm 47 further turns in the reverse direction, the 

torque-transmitting worm wheel 48 is also rotated in the direction of arrow R2. 
20 In this case too, the auxiliary worm wheel 49 is rotated together with the 
torque-transmitting worm wheel 48 via the neutral position maintaining 
mechanisms 120. 

[0098] The resihent urging force of the compression springs (resilient 
members) 123 may be set to an appropriate intensity. For example, the 
25 resilient urging force of the compression springs 123 may be set to such an 
intensity as to minimize hitting sound produced between the teeth 103 and 131 
when the steering wheel of the electric power steering apparatus 10 (see Fig. l) 
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is turned by the driver during travel of the vehicle at high or medium speed; 
this is because it is preferable to minimize the hitting sound during travel of 
the vehicle at high or medium speed in order to achieve improved comfort in 
the vehicle compartment. 
5 [0099] Namely, with the above- described inventive arrangements, it is 
possible to even further reduce hitting sound between the teeth 103 and 131. 
[0100] Further, the face width of the torque- transmitting worm wheel 48 
can be set to be symmetrical about the meshing region where the worm wheel 
48 meshes with the worm 47 G^.e., about a centerline CW vertically passing the 
10 center of the worm 47 as illustrated in part (a) of Fig. 8.), as the worm 47 is 
viewed in the axial direction as in part (a) of Fig. 8. 

[OlOl] In addition, the torque-transmitting worm wheel 48 can be formed 
integrally without a particular groove having to be formed for holding therein a 
backlash reducing component. Therefore, the instant embodiment can 
15 enhance a processing accuracy of the teeth 103 of the torque-transmitting 
worm wheel 48, thereby ensuring appropriate meshing engagement of the 
worm wheel 48 with the worm 47. 

[0102] When, in the illustrated example of Fig. 9, the torque-transmitting 
worm wheel 48 has been rotated in the direction of arrow R2 through the 
20 reverse rotation of the worm 47, there is left a sUght backlash (gap) between 
the tooth 131 of the worm 47 and the left tooth 103 of the worm wheel 48. 
Thus, hitting sound would occur between the teeth 103 and 131 when the worm 
47 is then rotated in the forward direction. 

[0103] To avoid such an inconvenience, the resilient urging force of the 
25 compression springs 123 in the instant embodiment is set to such an intensity 
as to minimize hitting sound produced between the teeth 103 and 131 when the 
steering wheel of the power steering apparatus 10 (see Fig. l) is turned by the 
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driver during travel of the vehide at high or medium speed. Because only 
small steering assist torque suffices owing to the arrangements of the 
embodiment, the compression springs 123 may be of relatively small resilient 
urging force. Thus, under such steering conditions, the hitting sound produced 
5 between the teeth 103 and 131 when the worm 47 is rotated in the reverse 
direction can be minimized. 

[0104] When relatively great steering assist torque is required, for 

example, to operate the steering wheel 21 while the vehicle is stationary (i.e., 
during stoppage of the vehicle), even a relatively loose anti-noise measure can 

10 properly combat noise sound in the vehicle compartment. 

[0105] Next, a description will be given about a second embodiment of the 
worm gear mechanism of the present invention, with reference to Figs. 10 — 
16D. Same components as in the first embodiment of Figs. 1—9 are 
represented by the same reference characters and will not be described in 

15 detail here to avoid unnecessary duplication; particularly, the same 
construction as illustrated in Figs. 1 — 5 is employed in the second embodiment. 
[0106] As illustrated in Fig. 10, each of a plurality of neutral position 
maintaining mechanisms 120A, included in the worm gear mechanism 44A, is 
constructed to resiliently urge the auxiliary worm wheel 49 in such a direction 

20 where the auxiliary worm wheel 49, having been rotated relative to the 
tor que- transmitting worm wheel 48, rotates back to the original, neutral 
position. 

[0107] The following paragraphs describe details of the neutral position 
maintainiag mechanisms 120A, with reference to Figs. IIA- llD. Note that 
25 Fig. IID illustrates a modification of the neutral position maintaining 
mechanisms 120 A. 

[0108] Each of the neutral position maintaining mechanisms 120Ain the 
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second embodiment comprises an upright pin 121 of a circular cross section 
projecting from the upper surface of the torque-transmitting worm wheel 48, an 
arcuate elongated hole portion 122 formed through the thickness of the 
auxiliary worm wheel 49 and extending along the circumference of the wheel 
5 49 in such a manner that the pin 121 is fitted in the hole portion 122 for sUding 
movement along the inner longitudinal edges of the hole portion 122, and a 
pair of compression springs 123A and 123B disposed between opposite ends 
122a of the hole portion 122 and the pin 121; in the iQustrated example, the 
opposite ends 122 are each shaped semi-circularly. The pin 121 is fitted and 
10 normally held in a longitudinally-middle portion of the hole portion 122 
between the two compression springs 123A and 123B; namely, each of the 
compression springs 123A and 123B is disposed between one side of the pin 121 
and one of the ends of the elongated hole portion 122. 

[0109] In each of the neutral position maintaining mechanisms 120A 

15 constructed Uke this, the compression springs 123A and 123B normally urge 
the auxiliary worm wheel 49 in such a direction where the auxiUary worm 
wheel 49, having been rotated relative to the torque-transmitting worm wheel 
48, rotates back to the original, neutral position. 

[Olio] As seen from the modified example of Fig. IID, the opposite ends 

20 122a of each of the hole portions 122 may be shaped flat. 

[01 11] Fig. 12 shows how the torque-transmitting worm wheel 48 meshes 
with the worm 47 in the second embodiment. In the neutral position of the 
second embodiment of the worm gear mechanism 44A, the worm 47 and 
torque-transmitting worm wheel 48 mesh with each other in such a manner 

25 that substantially equal backlashes (gaps) 5 are left between left and right 
surfaces 131a and 131b of a tooth 131 of the worm 47 and left and right teeth 
103 of the worm wheel 48. Namely, in the neutral position, the left and right 
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teeth 103 of the torque-transmitting worm wheel 48 are kept out of contact 
with the tooth 131 of the worm 47. 

[0112] Fig. 13 shows how the auxihary worm wheel 49 meshes with the 
worm 47 in the second embodiment. As clearly seen in Figs. 14A to 14C, the 
5 second embodiment of the worm gear mechanism 44A is characterized in that 
the auxiliary worm wheel 49 can mesh with the worm 47 with no backlash 
(gap). 

[0113] Basic principles of the second embodiment will be described below 
with reference to Figs. 15A and 15B. 

10 [0114] As seen Fig. 15A, each tooth 113 of the auxihary worm wheel 49 has 
a substantial rectangular shape as viewed in a radial direction from the 
rotation center of the auxiliary worm wheel 49. Further, each tooth 113 of the 
auxiliary worm wheel 49 has a distal end portion (or tooth top portion) 113c 
resihently deformable in the tooth thickness direction. Specifically, each tooth 

15 113 has a deformation promoting portion 114 to permit resihent deformation, in 
the tooth thickness direction (left-and-right direction in the figure), of the tooth 
top portion. The deformation promoting portion 114 is, for example, in the form 
of a recess formed in a tooth top surface (or top land) 113d substantially 
centrally of the tooth thickness and extending through the face width (i.e., in a 

20 direction perpendicular to the sheet of the drawing). Therefore, when 
compression force Fs acts on the left and right tooth surfaces 113a and 113b in 
the tooth thickness direction, the tooth 113 can be deformed resiliently in the 
tooth thickness direction as depicted by imaginary hnes. 

[0115] Any desired shape, dimensions and position of the deformation 
25 promoting portion 114 may be chosen as long as it promotes resilient 
deformation, in the tooth thickness direction, of the tooth top portion 113c. 
[0116] Let's now consider behavior of the worm gear mechanism 44A when 
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the tooth 113 of a tooth thickness Tl is engaged between adjacent teeth 131 of 
the worm 47, i.e. tooth space 131c, as illustrated in Fig. 15B. The thickness 
Tl of the tooth 113 is greater than a distance T2 between roots of adjacent 
teeth 131 of the worm 47 (i.e., Tl > T2). 
5 [0117] As the tooth 113 of the auxiliary worm wheel 49 is pressed into the 
tooth space 131c, the tooth 113 is compressed and resiUently deformed inward 
in the tooth thickness direction, so that the tooth thickness at the top portion of 
the tooth 113 decreases from Tl to T2. Namely, each tooth 113 of the auxiliary 
worm wheel 49 is constructed to deform inward in the tooth thickness direction 

10 as it is meshed between the teeth 131 of the worm 47 with no gap. Such 
resilient deformation, in the tooth thickness direction, of the tooth 113 can 
readily accommodate manufacturing and tooth-meshing errors of the worm 47 
and auxiHary worm wheel 49, so that the worm gear mechanism 44A can be 
manufactured with increased productivity although the mechanism 44A is of 

15 the type where the auxiliary worm wheel 49 meshes with the worm 47 with no 
backlash. 

[0118] In addition, the teeth 113 of the auxiliary worm wheel 49 can 
contact with the teeth 131 of the worm 47 uniformly during relative rotation 
between the worm wheel 49 and the worm 47, which can properly reduce the 
20 contact pressure when the auxihary worm wheel 49 is rotated by the worm 47. 
As a consequence, the inventive arrangements can even further enhance the 
durability of the worm gear mechanism 44A (see Fig. 14A). 

[0119] As seen in Figs. 14A to 14C, the tooth 113 of the auxihary worm 
wheel 49 is compressed and resHiently deformed inward in the tooth thickness 
25 direction as the tooth 113 is pressed into the tooth space 131c for meshing 
engagement with the teeth 131 of the worm 47. As a consequence, the tooth 
113 meshes with the teeth 131 of the worm 47 at points Pi and P2. Distance 
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between the meshing points Pi and P2 is represented by T2, which is equal to 
the distance T2 between the roots of adjacent teeth 131. 

[0120] Thus, in the second embodiment arranged in the foregoing manner, 
the auxihary worm wheel 49 can mesh with the worm 47 with no backlash 
5 [0121] d2 represents a pitch diameter of the worm 47 defined when the 
auxiliary worm wheel 49 is in meshing engagement with the worm 47 at the 
points PI and P2. The pitch diameter d2 is set to be smaller than a pitch 
diameter dl of the worm 47 defined when the torque-transmitting worm wheel 
48 is in meshing engagement with the worm 47 G.e., dl > d2). 
10 [0122] Next, a description wiU be given about behavior of the second 
embodiment of the worm gear mechanism 44A with primary reference to Figs. 
16A to 16D. Figs. 16A and 16B show the worm gear mechanism 44A in the 
neutral position, and Figs. 16C and D show the gears in meshing engagement 
with each other. 

15 [0123] In the neutral position, as illustratively shown in Fig. 16A, two 
adjacent (i.e., left and right) teeth 103 of the torque -transmitting worm wheel 
48 mesh with a tooth 131 of the worm 47 with left and right backlashes (gaps) 
Ba substantially equal to each other. 

[0124] Such meshing engagement between the teeth 103 and the tooth 131 
20 is maintained by the auxiliary worm wheel 49 meshing with the worm 47 with 
no backlash, through action of the neutral position maintaining mechanism 
120A. Thus, in the neutral position, the left and right teeth 103 of the 
torque -transmitting worm wheel 48 are kept out of contact with the tooth 131 
of the worm 47. Thus, there occurs no fidction torque between the teeth 131 
25 and the tooth 103 when the worm 47 starts rotating. 

[0125] As the worm 47 rotates in the forward direction from the neutral 
position, the tooth 131 of the worm 47 angularly moves, against the resilient 
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urging force of the right compression spring 123A of each of the neutral 
position maintaining mechanisms 120, while pressing the right surface 113b of 
the left tooth 113 of the auxiliary worm wheel 49 in a direction of arrow Rl (i.e., 
counterclockwise direction of Fig. 16 A). Figs. 16C and D show the result of 

5 the angular movement of the tooth 131 of the worm 47. 

[0126] Fig. 16C shows the tooth 131 of the worm 47 having contacted the 
teeth 103 of the torque-transmitting worm wheel 48. As the auxiliary worm 
wheel 49 turns through an angle corresponding to the backlash Ba, the left 
surface 131a of the tooth 131 of the worm 47 comes into contact with the right 

10 surface 103b of the left tooth 103 of the torque-transmitting worm wheel 48. 

[0127] In this case, the tooth 131 of the worm 47 gently comes into contact 
with the tooth 103 of the torque-transmitting worm wheel 48 while pressing 
the tooth 113 of the auxiliary worm wheel 49 against the urging force of the 
right compression spring 123A, and thus only small hitting sound is produced 

15 between the teeth 103 and 131. 

[0128] Then, as the worm 47 turns in the reverse direction from the above 
position, the tooth 131 of the worm 47 presses the left surface 113a of the right 
tooth 113 of the auxiliary worm wheel 49 in a direction of arrow R2 (clockwise 
direction in the figure) to thereby rotate the worm wheel 49 in that direction 

20 with the right compression spring 123A returning to the original position. As 
a consequence, the worm gear mechanism 44A returns to the original, neutral 
position sown in Figs. 16A and 16B. 

[0129] Then, as the worm 47 further turns in the reverse direction, the two 
worms 49 and 48 are rotated in the direction of arrow R2 (clockwise direction in 
25 the figure) in the same manner as explained earher in relation to Fig. 16C. 

[0130] The resilient urging force of the compression springs (resilient 
members) 123A may be set to an appropriate intensity. For example, the 
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resilient urging force of the compression springs 12 3 A may be set to such an 
intensity as to minimize hitting sound produced between the teeth 103 and 131 
when the steering wheel of the power steering apparatus 10 (see Fig. l) is 
turned by the driver during travel of the vehicle at high or medium speed; this 
5 is because it is preferable to minimize the hitting sound during travel of the 
vehicle at high or medium speed in order to achieve improved comfort in the 
vehicle compartment. 

[0131] With the above- described arrangements, the second embodiment 
44Acan effectively reduce the hitting so\md between the teeth 103 and 131 of 

10 the worm 47 and torque-transmitting worm wheel 48. 

[0132] Further, the face width of the torque-transmitting worm wheel 48 
can be set to be symmetrical about the meshing region where the worm wheel 
48 meshes with the worm 47, as the worm 47 is viewed in the axial direction as 
in the first embodiment 44 shown in part (a) of Fig. 8. In addition, the torque- 

15 transmitting worm wheel 48 can be formed integrally without a particular 
groove having to be formed for holding therein a backlash reducing component. 
Therefore, the instant embodiment too can enhance a processing accuracy of 
the teeth 103 of the torque-transmitting worm wheel 48, thereby maintaining 
appropriate meshing engagement of the worm wheel 48 with the worm 47. 

20 [0133] Further, the second embodiment of the gear mechanism 44A is 

characterized in that the auxiliary worm wheel 49 meshes with the worm 47 
with no backlash (gap) and that each of the neutral position maintaining 
mechanisms 120 has the two resilient urging members 123Afor imparting the 
auxihary worm wheel 49 with a resilient force to return the wheel 49 back to 

25 its original, neutral position after the two worm wheels have rotated relative to 
each other. 

[0134] Therefore, while the tooth 113 of the auxiliary worm wheel 49 is 
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meshed between the teeth 131 of the worm 47 with no backlash (gap), the 
auxiliary worm wheel 49 can be always resiliently urged back to the original, 
neutral position relative to the torque-transmitting worm wheel 48. 
[0135] Therefore, the worm 47 can first start rotating the auxihary worm 
5 wheel 49 against the resiHent urging force of the resilient members 123A and 
then start rotating the torque-transmitting worm wheel 48 while rotating the 
auxihary worm wheel 49. As a consequence, the tooth 131 of the worm 47 can 
be brought into gentle contact with the teeth 103 of the torque-transmitting 
worm wheel 48, which thereby achieves even further enhanced durability of the 

10 worm gear mechanism 44A. 

[0136] In the neutral position of the worm gear mechanism 44A and at the 
beginning of rotation of the worm 47, there occurs no frictional torque between 
the worm 47 and the torque-transmitting worm wheel 48, so that the durability, 
wear resistance in particular, can be enhanced even further. Further, where 

15 the worm gear mechanism 44A is employed in the electric power steering 
apparatus 10 of Fig. 1, it is possible to enhance the steering feel when the 
steering wheel 21 is turned back by the driver. 

[0137] In the case where the above- described first or second embodiment 
of the worm gear mechanism 44 or 44A is employed in the electric power 
20 steering apparatus 10 of Fig. 1, there can be accomplished various benefits as 
follows. 

[0138] In the electric power steering apparatus 10 where the worm gear 
mechanism 44 or 44A is employed as a mechanism for transmitting steering 
assist torque, produced by the electric motor 43, to the steering system 20, it is 
25 possible to enhance the durabihty of the worm gear mechanism 44 or 44A with 
undesired backlash minimized. 

[0139] The elimination of backlash in the worm gear mechanism 44 or 44A 
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can minimize hitting sound produced between the worm and wheel teeth due to 
driver's steering operation of the steering wheel 21, thereby minimizing noise 
sound in the vehicle compartment. 

[0140] Further, the ehmination of backlash in the worm gear mechanism 
5 44 or 44A can maintain appropriate meshing engagement of the torque- 
transmitting worm wheel 48 with the worm 47. Thus, the inventive 
arrangements can prevent an unwanted time delay when the steering assist 
torque is transmitted via the worm gear mechanism 44 or 44A to the steering 
system 20 in response to turning-back operation, by the vehicle driver, of the 
10 steering wheel 21. Further, because the elimination of backlash permits gentle 
contact between the teeth as the torque-transmitting worm wheel 48 is rotated 
by the worm 47, the steering wheel 21 can be turned back smoothly and 
appropriately. 

[0141] In this way, the inventive arrangements can achieve an even 

15 further improved steering feel of the electric power steering apparatus 10. 

[0142] Note that the worm gear mechanisms 44 and 44A can each be 
further simplified in construction by dispensing with the neutral position 
maintaining mechanisms 120 of the first embodiment or neutral position 
maintaining mechanisms 120A of the second embodiment, as will be set forth 
20 hereinbelow with reference to Figs. 17 and 18. In Figs. 17 and 18, substan- 
tially the same components as in Figs. 1—16 are represented by the same 
reference characters and will not be described in detail here to avoid 
unnecessary duphcation. 

[0143] Third embodiment of the worm gear mechanism 44B illustrated in 
25 Fig. 17 and a fourth embodiment of the worm gear mechanism 44C illustrated 
in Fig. 18 are each characterized in that- (l) the auxihary worm wheel 49 
meshes with the worm 47 with a backlash left between its tooth 113 and the 
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tooth 131 of the worm 47 that is smaller than a backlash left between the tooth 
103 of the torque-transmitting worm wheel 48 and the tooth 131 of the worm 
47; and (2) the auxihary worm wheel 49 is resiliently urged, via a leaf spring 
115 as a resihent member, toward the torque -transmitting worm wheel 48. 
5 Such arrangements can significantly simplify the construction of the worm 
gear mechanisms described above. 

[0144] The third embodiment of the worm gear mechanism 44B illustrated 
in Fig. 17 is further characterized in that the auxiliary worm wheel 49 is 
mounted in such a manner that it can shdingly rotate relative to the 

10 torque -transmitting worm wheel 48. During the relative rotation, respective 
rotation timing of the two worm wheels 48 and 49 can be shifted from each 
other using a sUding fiictional force produced therebetween. As a result, the 
tooth of the worm 47 can be brought into gentle contact with the tooth of the 
torque- transmitting worm wheel 48. 

15 [0145] The fourth embodiment of the worm gear mechanism 44C 

illustrated in Fig. 18 is further characterized in that the auxiliary worm wheel 
49 is mounted at its central portion to the torque-transmitting worm wheel 48 
in such a manner that its rotation is Hmited in the following manner. As the 
rotational force of the worm 47 is transmitted to the auxiliary worm wheel 49, 

20 an axial component force, corresponding to a pressure angle of the tooth of the 
worm 47, acts on the worm wheel 49. This axial component force is a force 
acting to displace the tooth top portion of the auxihary worm wheel 49 radially 
outward of the worm 47 (i.e., in a direction of arrow R3). With such an axial 
component force, the auxiliary worm wheel 49 is displaced in the direction of 

25 arrow R3 against the urging force of the leaf spring 115. Namely, in this case, 
the urging force of the leaf spring 115 functions as a resistance to the axial 
component force. Using the resistance of the leaf spring 115, the respective 
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rotation timing of the two worm wheels 48 and 49 can be shifted from each 
other. As a result, the tooth of the worm 47 can be brought into gentle contact 
with the tooth of the torque-transmitting worm wheel 48. 

[0146] In the second embodiment of the worm gear mechanism 44A, 

5 degree of the resilient deformation of the teeth 113 of the auxiliary worm wheel 
49 may be chosen as desired, provided that the worm wheel 49 can be rotated 
by means of the worm 47 until the tooth 131 of the worm 47 contact the teeth 
103 of the torque-transmitting worm wheel 48. Furthermore, the deformation 
promoting portion 114 need not necessarily be formed in each of the teeth 113, 
10 provided that the teeth 113 themselves are formed of a material resihently 
deformable in the tooth thickness direction. 

[0147] In the present invention, the worm gear mechanisms 44, 44A 

should not be construed as limited to the construction where the auxihary 
worm wheel 49 is provided on the same rotation axis as the torque- 

15 transmitting worm wheel 48 for relative rotation to the worm wheel 48. 

[0148] Further, in the worm gear mechanisms 44, 44A, the resilient 

members are not limited to the compression springs as described in relation to 
the preferred embodiments as long as they can serve to normally urge the 
auxihary worm wheel 49 toward the original, neutral position. 

20 [0149] Furthermore, the electric motor in the electric power steering 

apparatus should not be construed as limited to the construction for generating 
steering assist torque corresponding to detected steering torque. For example, 
where the electric power steering apparatus is of a steer-by-wire type, the 
electric motor may be constructed to generate all necessary torque for steering 

25 the steerable road wheels. In any case, the electric power steering apparatus 
only has to be constructed in such a manner that torque generated by the 
motor is transmitted via the worm gear mechanism to the steering system. 
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[0150] Obviously, various minor changes and modifications of the present 
invention are possible in the light of the above teaching. It is therefore to be 
understood that within the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
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